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INTRODUCTION 

The International Satellite for Ionospheric Studies (ISIS) program of 

NASA was the longest duration program in NASA history. A number of satellites 

were flown under this program, the last being called ISIS-11, which was 

launched on April 1, 1971 and operated successfully for over 13 years. 

The University of Texas at Dallas developed an experiment called the Ion 

Mass Spectrometer (IMS), that flew on the ISIS-I1 spacecraft. It operated f o r  

10 years providing a large data base of positive ion composition and ion flow 

velocities along the orbit of the satellite, the latter being circular at 1400 

km with a 90 inclination. The data have been processed and reside in the 

National Space Sciences Data Center. 
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ION MASS SPECTROMETER 

For most of the lifetime of the ISIS-I1 satellite, the Ion Mass 

Spectrometer (IMS), obtained data on the composition, number density and flow 

velocity of thermal positive ions in the ionosphere. From the composition, 

number density, and flow velocity of the positive ion species, the ion flux 

normal to the spacecraft trajectory was obtained. Because the spacecraft is 

in a circular orbit, this flux is in the vertical direction and in the polar 

regions also lies along the magnetic field lines. Hence, the instrument can 

determine the velocities and fluxes of the polar wind particles, and indeed, 

much of the data has been analzyed for such flows. These data exist on 

magnetic tapes and on microfiche. Full orbit plots as well as those of 

individual passes are available. 

The ISIS program was controlled by a working group comprised of the 

experiment Principal Investigators, satellite controller and representatives 

from many other countries which participated in the program through operation 

of ground stations or ground based experiments. A sub-set of the Working 

Group, the Experimenters' Team met periodically to compare results from on- 

going investigations and to plan additional activities. 

A set of 4 ISIS-I1 data books was published by the National Space Science 

Data Center as pertinent examples of ISIS data to show the types and breadth 

of ISIS data that are available from the Data Center. Ion composition results 

appear mainly in Volumes 3 and 4 .  A special format for the ion mass data was 

prepared in order to show its correlation with other direct measurements. In 

particular, the IMS data are presented with the electron temperature data from 

the Cylindrical Electrostatic Probe. The format shows the data over 20 minute 

time segments as concentrations of the more dominant ion species, H+, He , 

O++, N+, and 0 . 
+ 

+ Universal time is given in two minute intervals with 
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ephemeris d a t a  a t  t h e  bottom of t h e  page. A sample page is a t t ached  a s  F ig .  

1. The d a t a  shown is f o r  t h e  summer day t ime (MLT) per iod  wi th  s o l a r  z e n i t h  

angles  ranging from 83 t o  35 . The region covered extends from m i d l a t i t u d e  t o  

over  t h e  summer p o l a r  cap. 0 is the dominant ion  spec ie s  wi th  H a t  on ly  a 

few percent  l e v e l .  The t o p  po r t ion  of Fig.  2 shows t h e  c ros sove r  from 0 t o  

H as t h e  season changes t o  win te r  daytime. The lower p l o t  g i v e s  t h e  t y p i c a l  

n ight t ime composition, wherein H is dominant and 0 i s  much less than  1% of 

H+ i n  t h e  w i n t e r  hemisphere ( l e f t  s ide)  but  i nc reases  t o  10% nea r  t h e  equator .  

0 

+ + 

+ 

+ 
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Fig .  3 ,  t op ,  shows t h e  nighttime p o l a r  reg ion  which is markedly i n  

c o n t r a s t  t o  t h e  day p o l a r  region.  

i n c r e a s e  i n  concen t r a t ion  of over 3 decades coupled wi th  a decrease  of a 

f a c t o r  of 20 of t h e  l i g h t  ions.  Polar wind f lows e x i s t  i n  t h e  reg ion  of 0 

dominance. The bottom p a r t  of t h e  f igu re  shows daytime win te r  d a t a  wi th  0 

dominant but  q u i t e  s t r u c t u r e d  a s  compared wi th  summer. A t  t h e  r i g h t  s i d e  of 

t h e  p l o t  t h e  s p a c e c r a f t  has  gone over t h e  pole  i n t o  t h e  n igh t  s i d e  (MLT) where 

a l a r g e  sp ike  of 0 

s i d e  of t h e  upper graph. These p l o t s  a r e  t y p i c a l  of t he  many thousands t h a t  

have r e s u l t e d  from t h e  ISIS-I1 IMS spectrometer  opera t ion .  

Suddenly O+ becomes t h e  dominant ion  by an 

+ 

+ 

+ and N+ is observed. This  reg ion  is  s i m i l a r  t o  t h e  l e f t  

The p o l a r  wind plasma flows have been found i n  broad r eg ions  of t h e  

ionosphere from somewhat equatorward of t h e  H t rough t o  we l l  i n t o  t h e  p o l a r  

cap reg ion .  

+ 

+ 
P o l a r  p l o t s  of t h e  l o c a t i o n  of H f l u x e s  f o r  q u i e t  and d i s t u r b e d  t imes 

0 
have been made. The lower boundary of t h e  f l u x e s ,  50 t o  60 i n v a r i a n t  

l a t i t u d e ,  e x h i b i t s  l a r g e  magnitudes wi th  low v e l o c i t i e s ,  whereas above 70 

i n v a r i a n t  l a t i t u d e  t h e  f l u x e s  are genera l ly  sma l l e r  wi th  h ighe r  v e l o c i t i e s .  

Th i s  boundary moves towards t h e  equator  during a rnagnetic storm. New f i e l d  

l i n e s  then  open t o  the t a i l  causing l a r g e  f l u x e s  of hydrogen ions  t o  flow t o  

t h e  t a i l  reg ion  emptying t h e s e  f i e l d  tubes .  When t h e s e  f i e l d  l i n e s  reconnect ,  
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plasma begins to flow up along the field line refilling them. Since the mean 

time between substorms is longer than the filling cycle of flux tubes, there 

is a continuous filling of these tubes and a rather continuous flow of polar 

wind particles which can often be along closed field lines. In the winter 

polar wind velocities tend to be larger than in the summer time but confined 

to a narrow region, while in the summer the area is quite broad with fairly 

low velocities. Also in the winter there is a very marked polar cavity 

essentially devoid of ionization, whereas, the summer polar cap region 

contains a broad region of 0 dominance of the order of 10 ions cm . + 4 -3 

The IS IS- I1  ion mass spectrometer has observed large (up to an order of 

magnitude) increases in ion concentrations in the polar regions between 80 and 

84 degrees invariant latitude. These enhancements were observed at 1400 km, 

the ISIS circular orbit altitude, in the nighttime in October - November, 1971 

(northern hemisphere) and again in the summer of 1972. 0 is the dominant 

species although increases in H , He , and N+ are seen as well. The peaks 

+ 

+ + 

appear to be a quiet time phenomenon and either disappear during magnetically 

disturbed days or shift equatorward to as low as 50 . The low latitude peaks 
0 

may not be necessarily related to those in the polar caps. Enhancements in T 

and low energy electron precipitation are observed to occur a degree or two 

e 

equatorward of the ion peaks. A polar wind is seen to occur in the regions of 

the peaks. 

There is much evidence that the knee in electron concentration at L = 4 

and the trough in total ion concentration are related phenomena. Near the F 

peak, 0 is the dominant ion at all latitudes and its distribution with + 

latitude is dependent mainly on the chemical loss processes and convective 

motion of the plasma. The plasma lifetime in the vicinity of L = 4 is on the 

order of 30 minutes and thus the plasma displays latitudinal distributions 

that are dependent on processes that have relatively short time scales. These 
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time scales and processes will dominate the plasma distribution in altitude 

until 0 becomes a minor ion or until the motion of ions along the field lines 

becomes an important factor. Above about 1000 km altitude hydrogen and helium 

ions play a dominant role in the distribution of the plasma. H is produced 

by charge exchange between 0 and neutral hydrogen and once produced it will 

flow along magnetic field lines to attempt a diffusive equilibrium profile. 

The rate of H flow is determined primarily by the rate of production of H 

and the electron temperature, which determines the H scale height. In the 

simple case of a corotating dipole flux tube, H will flow up the field lines 

during the day when 0 is being produced and the electron temperature is high, 

and H+ will tend to flow down the field lines at night when charge exchange 

provides a net loss for H and the electron temperature is lower. This simple 

breathing of the protonosphere is complicated, as one moves to higher 

latitudes, by the fact that the field tubes no longer corotate or maintain 

their dipole shape. In principle, it is possible to locate a line in the 

equatorial plane, and a surface made up of the magnetic field tubes that pass 

through that line, such that at a given instant in time all plasma earthward 

of this surface rotates around the earth and stays on magnetic field tubes 

that are approximately dipolar in shape. Outside this surface the plasma 

motion is dominated by the electric field derived from the solar wind- 

magnetosphere interaction, and in the equatorial plane the plasma moves along 

a surface coincident with or parallel to the magnetopause. The line 

separating these two flow regimes has frequently been called the plasmapause. 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

+ 

Studies of the high latitude convection pattern in the ionosphere are 

essential to our understanding of the plasma distribution in this region and 

indeed the F-region midlatitude trough formation is critically dependent on 

the nature of the convection pattern. Models for the formation of the trough 

would actually predict that the stagnation region or bulge is located on the 
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evening s i d e  of dusk i n  most ca ses .  This  has some i n t e r e s t i n g  consequences i n  

r e l a t i o n  t o  t h e  magnetic a c t i v i t y  dependence of t h e  plasmapause observed i n  

t h e  ISIS-I1 d a t a .  ISIS-I1 IMS, Atmosphere Explorer  MIMS and Dynamics Explorer  

RIMS d a t a  a l l  show t h e s e  e f f e c t s .  

+ + 
Two dimensional d i s t r i b u t i o n s  of t h e  H and 0 d e n s i t i e s  cons t ruc t ed  

s t a t i s t i c a l l y  from t h e  ISIS d a t a  s e t  reveal t h e  coexis tence  of two types  of 

d e n s i t y  depress ions  ( t roughs)  i n  t h e  dusk s i d e :  one is  t h e  well-known L I T  

(Light  Ion Trough) which can be seen i n  t h e  H d i s t r i b u t i o n  a t  60 ; t h e  o t h e r  

is a l a t i t u d i n a l l y  narrow t rough seen commonly i n  t h e  H and O+ d i s t r i b u t i o n s  

a t  l a t i t u d e s  h ighe r  than  LIT.  The pos i t i on  of t h e  l a t e r  type  of t rough (NT) 

has  a l o c a l  t i m e  dependence s imi la r  t o  t h a t  of t h e  F-layer  main t rough (MT). 

Examination of NT even t s  observed in  p a r t i c u l a r  o r b i t s  show t h a t  NT has  

i d e n t i c a l  c h a r a c t e r i s t i c s  w i t h  HLT (High La t i tude  Trough) observed by OGO-6 

+ 0 

+ 

and is loca ted  a t  t he  equatorward edge of t h e  s o f t - p a r t i c l e  p r e c i p i t a t i o n  

region.  I t  w a s  concluded t h a t  t h e  two types  of t roughs  observed a t  1400 km 

have d i f f e r e n t  o r i g i n s .  L I T  is caused by t h e  low plasma p res su re  nea r  t h e  

e q u a t o r i a l  p lane  beyond t h e  plasmapause. NT is a tops ide  s i g n a t u r e  of MT 

which is  produced by competi t ion of va r ious  processes  ope ra t ing  i n  t h e  p o l a r  F 

l a y e r ,  such as plasma d r i f t ,  enhanced chemical r e a c t i o n  r a t e  due t o  t h e  

magnetospheric convect ion e l e c t r i c  f i e l d ,  and p a r t i c l e  p r e c i p i t a t i o n .  

The IMS d a t a  from ISIS-I1 showed cold  flowing hydrogen and helium ions  i n  

t h e  a u r o r a l  and p o l a r  reg ions .  Some of t h e  d a t a  show a marked f l u x  asymmetry 

w i t h  r e s p e c t  t o  t h e  r e l a t i v e  wind d i r e c t i o n .  The observed d a t a  can be 

modelled as d r i f t i n g  Maxwellian d i s t r i b u t i o n s  per turbed  by a f i r s t  o rde r  

Spitzer-Harm hea t  f l u x  d i s t r i b u t i o n  func t ion .  The ISIS d a t a  is f i t t e d  t o  t h e  

model t o  determine t h e  ion  flow v e l o c i t i e s  and t h e  h e a t  f l u x  magnitude and 

d i r e c t i o n  a t  t h e  ISIS a l t i t u d e .  Comparisons a r e  made wi th  Dynamics Explorer  

RIMS d a t a  t o  which t h i s  model has  a l ready been appl ied .  RIMS d a t a  a r e  
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generally at a much higher altitude and frequently show supersonic flow 

velocities. Having data at two different altitudes will enable analysis of 

the whole problem of transition from subsonic to supersonic flows. 

The attached bibliography lists papers on or using data from the IMS. 

Selected papers are appended. 
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